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GOLD CODE GENERATOR DESIGN 



BACKGROUND OF THE PRESENT INVENTION 
The present application concerns pseudo-random generators, in particular 
gold code generators. 

5 Pseudo-random generators have applicability for a number of 

communication systems, in particular, for spread spectrum wireless 
communications. In spread spectrum transmissions, the circuit artificially spreads 
the transmitted signals bandwidth by modulating an information signal, either in 
phase or frequency, with a pseudo-random sequence that occurs at a greater rate 

10 than that required for the data alone. During signal reception, the receiver 

synchronizes an internal pseudo-random generator to the pseudo-random sequence 
of the transmitted signal to fully recover the available power and decode the 
message. Most direct sequence spread spectrum systems pseudo-randomly 
modulate the phase of the RF carrier signal 10 times or greater than the rate 

15 required for the data transmission. This results in a signal spectrum which is 

much broader than would be occupied if the RF carrier signal were modulated by 
only the data stream. Frequency hopping systems use the pseudo-random 
generator to implement frequency hops within the spread spectrum range. 



Docket No. 032001-074 
Page 2 

Matching pseudo-random generators at the transmitter and receiver allow 
the correlation and recovery of the information signal. Other transmitted signals 
with different pseudo-random codes can be transmitted in the same bandwidth 
since the correlation between the different pseudo-random codes is quite low. The 
5 transmissions using the different pseudo-random codes will tend not to 
significantly interfere with one another. 

One way of implementing a pseudo-random generator is with a linear 
feedback shift register (LFSR). Taps from the linear feedback register are sent to 
a logic circuit to create a new input (feedback) bit. The linear shift register runs 
10 through a large number of different codes before repeating. The linear feedback 
shift register is preferably selected with a feedback path producing the maximum 
code length. Also beneficial for the linear shift register is low auto-correlation 
with shifts in the pseudo-random sequence and low cross-correlation with other 
sequences. 

15 One preferred way of implementing a pseudo-random sequence is to 

combine the outputs of two linear feedback shift registers. Such a pseudo-random 
generator is called a gold code generator. 

Figure 1 illustrates a gold code generator used with the UMTS European 
wireless standard. The gold code generator is constructed of two linear feedback 

20 shift registers. The first linear feedback shift register has feedback taps from 

registers 0 and 3. The second linear feedback shift register has feedback taps at 
registers 0, 1, 2, and 3. The first serial linear feedback shift register's output is 
combined with the output of the second linear feedback shift register in the 
EXCLUSIVE-OR 40. The first linear feedback shift register 42 has taps at 

25 registers 4, 7 and 18 that go to a EXCLUSIVE-OR (mask) 44. The second linear 
feedback shift register 46 has taps at registers 4, 6, and 17 fed to the 
EXCLUSIVE-OR 48. The output to the EXCLUSIVE-ORs 44 and 48 are sent to 
a second output EXCLUSIVE-OR 52. 
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It is desired to have an improved implementation of a gold code generator. 

SUMMARY OF THE PRESENT INVENTION 
The inventors have noticed that the range of taps used to implement the 
second output of the UMTS gold code generator standard is quite broad: In the 
5 first linear shift register between taps 4 and 18 and in the second linear shift 
register between taps 4 and 17. This broad range of taps makes it difficult to 
implement a parallel implementation of the gold code generator in arithmetic logic 
units or other computational units that operate on parallel data. 

Since the second output is in fact a delayed version of the first output, the 

10 gold code generator can be implemented by forming two pairs of linear feedback 
shift registers and using different seeds for the second pair of linear feedback shift 
registers. This significantly reduces the range of the output taps in any of the 
linear feedback shift registers, and makes it easier to implement a parallel 
implementation of the gold code generator to produce multiple output bits. 

15 One embodiment of the present invention comprises a gold code generator 

comprising two pairs of linear feedback shift registers wherein the second seed 
values for the second pair of linear feedback shift registers are different from the 
first seed values for the first pair of linear feed back state machines. The second 
seed values are calculated from the first seed values, wherein the first and second 

20 pair of linear feedback shift registers are implemented to produce more than one 

input bit and more than one output bit for each linear feedback shift registers at the 
same time. 

Another embodiment of the present invention comprises at least one 
reconfigurable chip implementing a gold code generator, the at least one 
25 reconfigurable chip including background and foreground configuration memories. 
The background configuration memory is adapted such that it can be loaded with a 
gold code generator configuration while the at least one reconfigurable chip 
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configured with the foreground configuration operates. After the background 
configuration is loaded with the gold code generator configuration, the background 
plane is activated to reconfigure the at least one reconfigurable chip. 

Another embodiment of the present invention comprises a method of 
implementing a pseudo-random code generator comprising the steps of converting 
a pseudo-random code generator specification into an equivalent representation. 
The pseudo-random code generator specification being such that taps used to 
calculate an output include at least one tap within n spaces of the input. Equivalent 
representation is such that no taps are within n spaces from the input. The method 
includes implementing the equivalent representation such that n new state bits are 
calculated at the same time. 

Another embodiment of the present invention is a method of implementing 
a pseudo-random code generator, the method comprising converting a pseudo- 
random code generation specification into an equivalent of representation. The 
pseudo-random code generator specification being such that taps used to calculate 
an output bit are defined within a first shift register span, the equivalent 
representation is such that taps used to calculate an output bit within a smaller shift 
register span. The method includes implementing the equivalent representation 
such that multiple new bit states are calculated at die same time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates a diagram of a prior art gold code generator. 

Figure 2 shows the diagram illustrating the implementation of the gold code 
generator of Figure 1 into an equivalent representation. 

Figure 3 is a diagram of that illustrates a parallel implementation of the 
gold code generator. 

Figure 4 is a diagram of a functional block diagram of a gold code 
generator. 
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Figure 5 is a diagram of a reconfigurable chip which can be used for 
implementing the gold code generator of the present invention. 

Figure 6A and Figure 6B show a method of switching in the gold code 
configuration used with one embodiment of the present invention into a 
reconfigurable fabric of a reconfigurable chip. 

Figure 7 is a diagram illustrating the Galois field calculations for the seed 

values. 

Figure 8A and Figure 8B are tables illustrating the values of the lookup 
tables of Figure 3. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
Figure 2 illustrates the conversion of the gold code generator 60 as defined 
in the UMTS specification into an equivalent representation using two pairs of 
linear feedback shift registers, pairs 62 and 64. The output from unit 66 of the 
gold code generator 60 is equivalent to a delayed sequence of the output unit 68. 
In the present invention, multiple pairs of the linear feedback shift register are 
used, the second pair of linear feedback shift registers uses a second pair of seed 
values such that output of the second pair of linear feedback shift registers 64 is a 
delayed sequence of the sequence produced by the output 66 of the gold code 
generator 60. 

Although the equivalent representation uses more resources, this equivalent 
representation can be implemented in a parallel implementation that produces 
multiple output bits. Such a representation is especially useful when implemented 
with a reconfigurable chip in which reconfigurable elements are configured by 
configuration bits. One reason why it is easier to do a parallel implementation of 
the equivalent representation is that a narrow range of output taps is used with the 
equivalent representation. The output 66 of the gold code generator 60 is quite 
broad. This makes it difficult to calculate multiple output bits with the standard 
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gold code representation. In the equivalent representation, the linear feedback 
shift register pair 64 has only two output bits going to the EXCLUSIVE-OR 70. 
Additionally, the taps used to produce the feedback states remain relatively close 
together for both of the pairs of the linear feedback shift registers. 

5 The second shift register 64 is seeded with a new initial seed. This new 

initial seed value can be calculated before operation of the gold code generator. 
This calculation is a Galois field calculation which can be done as shown in Figure 
7. Additional discussion of the Galois field calculation is given in Chapter 6 
entitled "Theory and application of pseudo-random sequences" in the reference 

10 "CDMA Systems Engineering Handbook" by Lee and Miller, which is 
incorporated herein by reference. 

Additionally, a copy of the C code to calculate the seed values including 
some corrections to the math of the Lee and Miller book are enclosed as Appendix 
II to this application. 

15 In a preferred embodiment, each of the linear feedback shift registers is 

reset to an initial value at the beginning of each frame. The seed for the linear 
feedback shift register LFSRA is assigned by the network controller for each user. 
The seed for the linear feedback shift register LFSRB is 0 x 1FFFFF for all users. 
The seed for the linear feedback shift register LFSRC is the contents of the linear 

20 feedback shift register LFSRA seed shifted by 16,777,232,000 cycles, and can be 
computed by a processor at the beginning of each call. The seed for linear 
feedback shift register LFSRD is 0 x 1FFFFF shifted by 16,777,232,000 cycles 
for each user and thus is a static constant value which can be precalculated and 
stored. The seed for all of the linear feedback shift registers can be stored in 

25 memory elements in a reconfigurable fabric. 

Figure 3 shows a parallel implementation of one of the linear feedback shift 
registers of the equivalent representation. The span of taps to produce an output 
bit is quite small so no complicated logic is required to calculate an output. The 
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input bits are also calculated in parallel using lookup tables. Note how a parallel 
implementation spreads the number of taps needed for the feedback or output 
calculations. There is no requirement for a really wide span lookup table for the 
output bits since the equivalent representation is used. 

5 Figures 8 A and 8B show the table lookup values of one embodiment of the 

lookup tables of Figure 3. 

Figure 4 illustrates a functional block diagram of a gold code generator in 
one embodiment. The gold code generator of one embodiment deals with multiple 
users, each user having a different input seed thus producing different sequence of 

10 the gold code generator, each of the different sequences having a relatively low 
cross-correlation. In this embodiment, for each seed the delayed version for the 
second pair of shift registers must be calculated using the Galois field calculation 
described above. 

Figure 5 illustrates a reconfigurable chip 80. The reconfigurable chip 80 
15 implements the gold code generator in one embodiment. The reconfigurable chip 
80 includes a reconfigurable fabric 82 which can be configured into a variety of 
configurations. The CPU 88 can be used for the LFSRC seed calculations that are 
difficult to do in the reconfigurable fabric. 

In a preferred embodiment, the reconfigurable chip 80 includes the 
20 processor 88 such as a reduced instructions set computing (RISC) central 

processing unit (CPU). In one embodiment the CPU 88 runs portions of the 
algorithms which are difficult to implement in the reconfigurable fabric. 

In one embodiment, the reconfigurable fabric is configured by a foreground 
configuration plane 84. While the foreground configuration plane 84 is operating, 
25 the background configuration can be loaded from the background plane 86. The 
reconfigurable fabric 82 in a preferred embodiment includes a number of 
configurable data path units, memory elements, and interconnect elements. 
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In one embodiment, the data path units include comparators, an arithmatic 
unit (ALU), and registers which are configurable to implement operations of the 
algorithm. In one embodiment the reconfigurable fabric 82 also includes dedicated 
elements such as multiple elements and memory elements. The memory elements 

5 can be used for storing algorithm data. 

Figures 6A and 6B illustrate the operation of the reconfigurable fabric to 
the system of the present invention. In Figure 6A, the gold code generator 
configuration is loaded into the background configuration plane 90. The 
foreground configuration plane 92 is configured with another configuration so as 

10 to configure the reconfigurable fabric with that configuration. In Figure 6B the 

configuration plane in background plane is loaded into the foreground plane. This 
almost instantaneously configures the reconfigurable fabric 92* into the gold code 
generator configuration. 

Details of the implementation of the gold code generator are shown in 

15 Appendix I, especially on pages 42-64. 

Although only preferred embodiments of the invention are specifically 
disclosed and described above, it will be appreciated that many modifications and 
variations of the present invention are possible in light of the above teachings and 
within the purview of the appended claims without departing from the spirit and 

20 intended scope of the invention. 
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Claims : 

1 . A gold code generator comprising: 

two pairs of linear feedback shift registers, wherein second seed values for 
the second pair of linear feedback shift registers are different from first seed values 
for the first pair of linear feedback shift registers, the second seed values being 
calculated from the first seed values, wherein the first and second pair of linear 
feedback shift registers are implemented to produce more than one new state bit 
and more than one output bit for each linear feedback shift registers at the same 
time. 

2. The gold code generator of claim 1 wherein the seed values for the 
second pair of linear feedback shift registers are delayed values of the first seed 
values. 

3. The gold code generator of claim 1 wherein the gold code generator 
is implemented on a reconfigurable logic chip. 

4. The gold code generator of claim 3 wherein the calculation of some 
of the second seed values is done using a dedicated processor on the reconfigurable 
chip. 

5. The gold code generator of claim 3 wherein the gold code generator 
configuration is loaded into a background plane of the reconfigurable chip, while 
the reconfigurable chip is operating on another configuration in the foreground. 

6. The gold code generator of claim 3 wherein the feedback is 
implemented using lookup tables. 
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7. A system comprising: 

at least one reconfigurable chip implementing a gold code generator, the at 
least one reconfigurable chip including background and foreground configuration 
memories, wherein the background configuration memory is adapted such that it 
can be loaded with a gold code generator configuration while the at least one 
reconfigurable chip, configured with the foreground plane, operates, and wherein 
after the background configuration loads, the gold code generator configuration 
can be activated to reconfigure the at least one reconfigurable chip. 

8. The system of claim 7 wherein the gold code generator comprises 
two pairs of linear feedback shift registers wherein the seed values for the second 
pair of linear feedback shift registers is different from the seed values for the first 
pair of linear feedback shift registers. 

9. The gold code generator of claim 7 wherein the second seed values 
are calculated from the first seed values. 

10. The gold code generator of claim 9 wherein the calculation of the 
second seed values is done at least partially in a processor on the reconfigurable 
chip. 

1 1 . The system of claim 10 in which the gold code generator is 
implemented to produce more than one output bit at the same time. 

12. A method of implementing a pseudo-random code generator: 
converting a pseudo-random code generator specification into an equivalent 

representation, the pseudo-random code generator specification being such that 
taps used to calculate an output include at least one tap within n spaces from the 
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input, the equivalent representation is such that no such taps are within n spaces 
from the input; and 

implementing the equivalent representation such that multiple new state bits 
are calculated at the same time. 

13. The method of claim 12 wherein the pseudo-random code generator 
specification being such that taps to calculate an output is defined within a first 
chip register span, the equivalent representation is such that taps to calculate an 
output bit are within a smaller shift register span. 

14. The method of claim 12 wherein the equivalent representation 
includes two pairs of linear feedback shift registers wherein the second seed values 
for the second pair of linear feedback shift registers is different from a first seed 
value for the first pair of linear feedback shift registers. 

15. The method of claim 12 wherein the pseudo-random code generator 
comprises a gold code generator. 

16. The method of claim 12 wherein the pseudo-random code generator 
is implemented on a reconfigurable chip. 

17. A method of implementing a pseudo-random code generator 
comprising: 

converting a pseudo-random code generator specification into an equivalent 
representation, the pseudo-random code generator specification being such that 
taps to calculate an output are defined within a first shift register span, the 
equivalent representation is such that the taps to calculate an output bit are within a 
smaller shift register span; and 
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implementing the equivalent representation such that multiple output bits 
are calculated at the same time. 

18. The method of claim 17 wherein the pseudo-random code 
generation specification is such that taps used to calculate an output have at least 
one tap within n spaces from the input, the equivalent representation is such that 
no such tap is within n spaces from the input. 

19. The method of claim 17 wherein two pairs of linear feedback shift 
registers are used in the equivalent representation. 

20. The method of claim 19 wherein the second seed values for the 
second pair of linear feedback shift registers are different from the first seed values 
for the first pair of linear feedback shift registers. 

21 . The method of claim 17 implemented on a reconfigurable chip. 

22. The method of claim 17 wherein in the equivalent representation of 
the output bits are calculated from taps at a single register for each linear feedback 
shift register. 



Docket No. 032001-074 
Page 13 

Abstract 

A gold code generator is described comprising two pairs of linear feedback 
shift registers, the seed values for the second pair of linear feedback shift registers 
are different from the seed values for the first pair of linear feedback shift 
registers. The second seed values are calculated from the first seed values. The 
use of this second pair of linear feedback shift registers prevents the need to use a 
wide span of taps to the linear feedback shift register to produce output bits. By 
using two pairs of linear feedback shift registers, a parallel output implementation 
can be produced in which multiple output bits are produced in a single clock cycle. 
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/* 

$Id: galois. c,v 1.4 2000/03/21 14:49:27 rollins Exp $ 



galois . c 

(c) 2 0 00 Chameleon Systems Inc. 

Algorithms in Reconf igurable Silicon 

Mark Rollins 
14-Mar-2000 
*/ 

#include "galois. h" 
/* 

Polynomial Multiplication Modulo f (x) for GF(2^25) 
This version is hard coded for GS(2 A 25) . 

Since we need to multiply polynomials of order 24, the result 
will not fit in a 3 2 -bit register. We need to manage two 
such registers (upper and lower) . 

Polynomial multiplication is just simply shifts and adds 
with the added complexity of managing the two registers . 

Polynomial reduction modulo f (x) is performed by adding in 
shifted correction terms f (x) which line up with the undesired 
higher order I's in the product (lying in the 25-th bit and above) . 

*/ 

int poly_mult - modulo_fx_2p25 ( int a_x, int b_x, int f_x ) 

{ 

int lower, upper; 

int shft_a, shft_b, upper__b; 

int fsl, fsu; 

int i; 

/* Initialize */ 
upper = 0; 
upperjD = 0; 
shft_a = a_x; 
shft_b = b_x; 

lower = ((shft_a & 1) « 1) ? b_x : 0; /* Shift 0 */ 

/* Shifts 1 to 7 remain in lower register */ 
for (i=l; i <= 7; { 

shft_a >>= 1; 

shft_b <<= 1; 

if ( (shft__a & 1) == 1) 

lower = lower * shft_b; 

} 



/* Shifts 8 to 24 spread across lower & upper registers */ 
for (i=8; i <= 24; i++) { 



shft_a >>= 1; 
upper_b <<= 1; 

upperjb += ( (shft_b&0x80000000) » 31 } ; 

shft_b <<= 1; 

if ((shft_a & 1) == 1) { 

lower = lower * shft__b; 

upper = upper * upper_b; 

} 

} 

/* 

Perform modulo f (x) reduction on high order bits: 

- check if bits 48, 47, 25 are unity 

- if yes, add shifted versions- of f (x) 

*/ 

/* Bits 48 to 32 spread across lower & upper registers */ 
fsu = f_x >> 9; 
for (i=16; i>=0; i--) { 
fsl = f_x << (7+i) ; 
if ( ( (upper>>i) &1) == 1 ) { 
upper = upper A fsu; 
lower = lower ^ fsl ; 

} 

fsu >>= 1; 

} 

/* Bits 31 to 25 remain in lower register */ 
for (i=31; i >- 25; i--) { 

fsl = f_x << (i-25) ; 

if ( ( (lower>>i) &l) == 1 ) 
lower = lower A f si ; 

/* ^ printf ("Upper: %x\n", upper); */ 
/* printf ("Lower : %x\n", lower); */ 

return lower; 

} 

/* 

Polynomial Division With Max Degree 2 5 
Determine a(x) = ( g (x) / f (x) )_{deg<25} 
where 

f (x) is a primitive polynomial of degree '25' 
g(x) is a polynomial of degree < '25' 
a(x) is a polynomial of degree < '25 1 

The higher order terms of a (x) are not calculated. 



*/ 

int poly_divide_max_degree__25 ( int g_x, int f__x ) 
{ 

int i, a_x, shft_g; 



a_x = 0; 
shft_g = g_x; 
for (i=0; i < 25; i++) { 
if ( (shft__g Sc 1) == 1 ) { 

shft_g = shft_g " f_x; 

a_x += (1 << i) ; 

} 

shft_g >>= 1; 

} 

return a_x; 

} 

/* 

Polynomial Multiplication With Max Degree 25 
Determine 

g(x) = ( f(x)b(x) )_{deg<25} 

where 

f (x) is a primitive polynomial of degree 1 25 1 

b(x) is a polynomial of degree < ! 25 ! 

g(x) is restricted to have degree < '25' 

The higher order terms of g (x) are not calculated. 

The primitive polynomial f (x) is specified by its primitive polynomial. 
The lower order polynomial terms are stored in LSB's. 



*/ 

int poly__mult_max__degree_25 ( int a_x, int f_x ) 
{ 

int i, g_x, shft_f; 

g_x = 0; 

Shft_f = f_x; 

for (i=0; i <= 25; i++) { 

if ( (shft__f &!)==!) 

g_x = g__x A ( a_x << i ) ; 

shft__f >>= 1; 

g_x = g_x & OxlFFFFFF; /* Keep bits 0 through 24 */ 
return g_x; 

} 

/* 

Polynomial Multiplication With Max Degree 25 for UMTS Top Polynomial 
Determine 

g(x) = ( f(x)b(x) )_{deg<25} 

where 

f (x) is a 1 + x A 3 + x A 25 

b(x) is a polynomial of degree < '25' 

g(x) is restricted to have degree < 1 25' 

The higher order terms of g(x) are not calculated. 



The primitive polynomial f (x) is specified in the UMTS Standard. 
The lower order polynomial terms are stored in LSB ' s . 



*/ 

int poly_mult_max_degree_UMTS_top ( int a_x ) 
{ 

int g__x; 
g__x = a_x ; 

g_x = g_x A ( a_x << 3 ) ; 
g__x = g_x A ( a__x << 2 5 ) ; 

g_x = g_x Sc OxlFFFFFF; /* Keep bits 0 through 24 */ 
return g_x; 

} 

/* 

Polynomial Multiplication With Max Degree 25 for UMTS Bottom Polynomial 
Determine 

g(x) = ( f(x)b(x) )_{deg<25} 

where 

f (x) is a 1 + x + x^2 + x A 3 + x A 25 
b(x) is a polynomial of degree < '25' 
g(x) is restricted to have degree < '25' 

The higher order terms of g(x) are not calculated. 
The primitive polynomial f (x) is specified in the UMTS Standard. 
The lower order polynomial terms are stored in LSB's. 
*/ 



{ 



} 

/* 



poly mult_max_ 


degree_UMTS 


int g_x; 








g x = a_x; 








g_x = g_x * 


( 


a_x 


« l ) ; 


g_x = g_x * 


( 


a_x 


« 2 ) ; 


g_x = g__x 


( 


a_x 


« 3 ) ; 


g_x = g_x 


( 


a__x 


<< 25 ) 


g x = g_x & 


OxlFFFFFF; 


return g_x; 









/* Keep bits 0 through 24 */ 



Bit Reverse a 25 -bit Integer 



int bit_reverse_25 { int g__x ) 
{ 

int i, r_x; 
r x = 0; 



for(i=0; i < 25; i++) { 
r_x <<= 1; 

r_x += (g_x>>i) & 1; 

} 

return r_x; 

} 

/* 



LFSR Generator for N=25 with Mask Polynomial 



*/ 

#ifndef ARC 

int LFSR_gen_25_mask( int f_x, int *a_x, int m_x ) 
{ 

int i, lsb, rxor, newjnsb; 

/* Calculate LSB using mask */ 
rxor = m_x & *a_x; 
lsb = 0; 

for (i=0; i <= 24/ i++) { 
lsb = lsb A (rxor & 1) ; 
rxor >>= 1; 

} 

/* Calculate NEW MSB */ 
rxor = f_x & *a_x; 
new_msb = 0; 

for (i=0; i <= 24/ i++) { 

new_msb = new_msb * (rxor & 1) ; 
rxor >>= 1; 

} 

/* Update state */ 

*a_x = (*a_x>>l) A ( new_msb << 24 ) ; 
return lsb/ 

} 

#endif 
/* 



LFSR Generator for N=25 



*/ 

#ifndef ARC 

int LFSR_gen_25{ int f_x, int *a_x ) 

{ 

int i, lsb, rxor, new_msb; 

/* Extract LSB */ 
lsb = *a_x Sc 1/ 



/* Calculate NEW MSB */ 
rxor = f x Sc *a x; 



new_msb = 0; 

for (i=0; i <= 24; i++) { 

new_msb = new_msb A (rxor & 1) ; 
rxor >>= 1; 

} 

/* Update state */ 

*a_x = (*a_x>>!) * ( newjnsb << 24 ) ; 
return lsb; 

} 

#endif 
/* 



Print Bitstring 

where 'n r is the number of bits, 1 < n <= 32 



*/ 

#ifndef ARC 
#include <stdio.h> 

void print_bitstring( char *mesg, int poly, int n ) 

{ 

int i ; 

for(i=n-l; i >= 0; i--) 

printf("%ld " , (poly>>i) & 1) ; 
printf (mesg) ; 
printf ("\n n ) ; 

} 

#endif 
/* 

Reduction of x A power Modulo f (x) to a polynomial 
where 

f (x) = 1 + x"3 + x"25 



*/ 

#ifndef ARC 
#include <math.h> 

int reduce_2 5( int power ) 

{ 

int index, result, stop; 

short int *list = (short int*) calloc( power+1, sizeof (short int) ); 

for ( index=power ; index >= 0; index--) 
list [index] = 0; 

list [power] = 1; 
index = power; 



while (index >= 25) { 



if (list [index] ) { 

list [index] = 0; 

list [index-22] = list [index-22] A l; 
list [index-25] = list [index-25] A l ; 

} 

index -= 1; 

} 

result = 0; 

stop = ( power < 25 ) ? power+1 : 25; 
for (index=0; index < stop; index++) 

result += (list [index] << index); 
free (list) ; 
return result; 

} 

#endif 
/* 

Given a polynomial g(x), calculate the value of T k" in 
g (x) = x A k modulo f (x) 



*/ 

#ifndef ARC 

int revert_modulo_poly_reduction( int g_x, int f_x ) 
{ 

int cnt = 0; 
int shft = g__x; 
while (shft 1= 1) { 

if ( (shft & i) 0 ) { 
do { 

shft >>= 1; 
cnt++ ; 

} while ( (shft & 1) == 0 ) ; 

} 

else 

shft = shft A f_x; 

} 

return cnt ; 

} 

#endif 
/* 

Print a polynomial as a sum of powers of , x' 



*/ 

#ifndef ARC 

void print_jpoly_25 ( int g_x ) 

{ 

int i, bit; 

for(i=0; i < 25; i++) { 
bit = (g_x>>i) &1; 
if (bit) { 

if (i==0) 



printf ("1") ; 
else 

printf (" + x A %d",i) ; 

} 

} 

printf ("\n") ; 

} 

#endif 
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/* 

$Id: galois.h,v 1.4 2000/03/21 14:49:36 rollins Exp $ 



galois.h 

(c) 2000 Chameleon Systems Inc. 
Algorithms in Reconftgurable Silicon 

Mark Rollins 
14-Mar-2000 
*/ 

#ifndef _galios_h_ 
ARC Routines: 

*/ 

int bit_reverse_25(int g_x); 

int poly_mulLmax_degree_UMTS_top( int a_x ); 

int poly_mult_max_degree„UMTS_bot( int a_x ); 

int polyjrnult_moduloJx_2p25( int a_x, int b_x, int f_x ); 

int poly_divide_max„degree_25( int g_x, int f_x ); 

int poly_mult_max_degree_25( int a_x, int f_x ); 

/* 

Solaris/Debugging Routines: 
*/ 

#ifndef ARC 

int LFSR_gen_25_mask( int f_x, int *a_x, int m_x ); 



int LFSR_gen_25( int f_x, int *a_x ); 

void print_bitstring( char *mesg f int poly, int n ) 

int revert jTiodulo_poly_reduction( int g_x, int f 

void prinLpoiy_25( int g_x ); 

int reduce_25( int power ); 

#endif 

#define _galois_h„ 1 
#endif 



$Id: galois_arc.c,v 1.3 2000/03/21 00:19:27 rollins Exp $ 
galois_arc . c 

(c) 2000 Chameleon Systems Inc. 

Algorithms in Reconf igurable Silicon 

Mark Rollins 
14-Mar-2000 

*/ 

#include "galois.h" 

tdefine N_bits 1000 

#define mask 0x0040090 
#define polyl 0x2000009 
#define user 0x1000000 

int main( int argc, char **argv ) 
{ 

int alx, alx_rev, a2x, a2x_rev; 
int glx, g2x; 

alx_rev = user; 

/* Determine new seed required to produce a ^delayed 
version of the LFSR sequence 

*/ 

alx = bit_reverse_2 5 ( alx_rev ); 

glx = poly_mult__max_degree_UMTS_top ( alx ) / 

g2x = poly_mult_modulo_fx_2p25 ( glx, mask, polyl ); 

a2x = poly_divide_max_degree_25 ( g2x, polyl ); 

a2x_rev = bit_reverse_25 ( a2x ); 

} 



$Id: galois.h,v 1.4 2000/03/21 14:49:36 rollins Exp $ 
galois . h 

(c) 2000 Chameleon Systems Inc. 

Algorithms in Reconf igurable Silicon 

Mark Rollins 
14-Mar-2000 

*/ 

#ifndef __galios_h_ 

/* 

ARC Routines : 

int bit_reverse_25 (int g_x) ; 

int polyjmilt_max_degree_UMTS_top ( int a_x ) ; 

int poly_mult_max_degree_UNTS_bot ( int a__x ) ; 

int poly_mult_modulo_fx_2p2 5 ( int a_x, int b_x, int f_x ); 

int poly_divide_max__degree_25 ( int g_x, int f_x ); 

int poly_mult__max__degree__2 5 ( int a_x, int f_x ); 

/* 

Solaris/Debugging Routines: 

#ifndef ARC 

int LFSR_gen_25_mask( int f_x, int *a_x, int m__x ); 

int LFSR_gen_25 ( int f_x, int *a_x ); 

void print_bitstring( char *mesg, int poly, int n ); 

int revert_modulo_poly_reduction ( int g_x, int f_x ); 

void print_poly_25 ( int g_x ); 

int reduce_25( int power ); 

#endif 

#define __galoisJa_ 1 
#endif 



/* 

$Id: galois_tst.c,v 1.2 2000/03/21 00:17:59 rollins Exp $ 
galois_tst . c 

(c) 2000 Chameleon Systems Inc. 

Algorithms in Reconf igurable Silicon 

Mark Rollins 
20-Mar-2000 
*/ 

#include "galois.h" 
#define N_bits 1000 

#define mask 0x0040090 
#define polyl 0x2000009 

int main( int argc, char **argv ) 
{ 

int alx, alx_rev, a2x, a2x_rev; 
int glx, g2x; 

int seed_ref, seed_del, seed_msk; 

int bits_ref [N_bits] , bits_del [N_bits] , bits_msk [Njoits] ; 
int errnum; 
int i , j ; 

for (i=0; i <= OxFFFFFF; i++) { 

alx_rev = 0x1000000 + i; 

alx = bit_reverse__25 ( alx_rev ); 

glx = poly_mult_max_degree_UMTS_top ( alx ) ; 

g2x = poly_mult_modulo_fx_2p2 5 ( glx, mask, polyl ); 

a2x = poly_divide__max_degree_25 ( g2x, polyl ) ; 

a2x_rev = bit_reverse_25 ( a2x ); 

seed_ref = alx_rev; 
seed_del = a2x_rev; 
seed__msk = alx__rev; 

errnum = 0 ; 

for (j=0; j < N__bits; j++) { 

bits_ref [j] = LFSR_gen_25( polyl, &seed_ref ) ; 
bits_msk[j] = LFSR_gen_2 5_mask ( polyl, fcseedjmsk, mask 
bits_del[j] = LFSR_gen__25 ( polyl, &seed_del ); 
errnum += ( bits_msk[j] A bits__del[j] ); 

} 

printf ("Undelayed Reference Bits\n" ) ; 
for (j=0; j < N_bits; j++) 

printf ("%ld", bits_ref [ j ] ) ; 
printf (»\n») ; 



printf { "Delayed Bits - Obtained with Mask\n") ; 



for (j=0; j < N_bits; j++) 

printf < n %ld", bits_msk [j ] ) ; 
printf ( n \n») ; 

printf ("Delayed Bits - Obtained with Seed\: 
for (j=0; j < N_bits; j++) 

printf ("tad", bits_del [j] ) ; 
printf ("\n") ; 

printf ("Number of errors: %d\n" / errnum ); 



COMBINED DECLARATION AND POWER OF ATTORNEY 
FOR DESIGN PATENT APPLICATION 



Attorney's Docket No. 
032001-074 



As a below -named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name; 

I BELIEVE I AM THE ORIGINAL, FIRST AND SOLE INVENTOR (if only one name is listed below) OR 
AN ORIGINAL, FIRST AND JOINT INVENTOR (if more than one name is listed below) OF THE SUBJECT 
MATTER WHICH IS CLAIMED AND FOR WHICH A PATENT IS SOUGHT ON THE INVENTION 
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the specification of which 
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Application No. 
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CATION, INCLUDING THE CLAIMS, AS AMENDED BY ANY AMENDMENT REFERRED TO ABOVE; 

I ACKNOWLEDGE THE DUTY TO DISCLOSE TO THE OFFICE ALL INFORMATION KNOWN TO ME 
TO BE MATERIAL TO PATENTABILITY AS DEFINED IN TITLE 37, CODE OF FEDERAL 
REGULATIONS, Sec. 1.56 (as amended effective March 16, 1992); 

I do not know and do not believe the said invention was ever known or used in the United States of America 
before my or our invention thereof, or patented or described in any printed publication in any country before 
my or our invention thereof or more than one year prior to said application; that said invention was not in 
public use or on sale in the United States of America more than one year prior to said application; that said 
invention has not been patented or made the subject of an inventor's certificate issued before the date of said 
application in any country foreign to the United States of America on any application filed by me or my legal 
representatives or assigns more than six months prior to said application; 

I hereby claim foreign priority benefits under Title 35, United States Code Sec. 119 and Sec. 172 of any 
foreign application(s) for patent or inventor's certificate as indicated below and have also identified below 
any foreign application for patent or inventor's certificate on this invention having a filing date before that of 
the application(s) on which priority is claimed: 
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COMBINED DECLARATION AND POWER OF ATTORNEY 


Attorney's Docket No. 






032001-074 



COUNTRY/INTERNATIONAL 


APPLICATION NUMBER 


DATE OF FILING 

(day, month, year) 


PRIORITY 
CLAIMED 








YES_ NO_ 








YES_ NO_ 



I hereby appoint the following attorneys and agent(s) to prosecute said application and to transact all business in the Patent 
and Trademark Office connected therewith and to file, prosecute and to transact all business in connection with international 
applications directed to said invention: 



William L. Mathis 


17,337 


R. Danny Huntington 


27,903 


Gerald F. Swiss 


30,113 


Robert S. Swecker 


19,885 


Eric H. Weisblatt 


30,505 


Charles F. Wieland III 


33,096 


Platon N. Mandros 


22,124 


James W. Peterson 


26,057 


Bruce T. Wieder 


33,815 


Benton S. Duffett, Jr. 


22,030 


Teresa Stanek Re a 


30,427 


Todd R. Walters 


34,040 


Norman H. Stepno 


22,716 


Robert E. Krebs 


25,885 


Ronni S. Jillions 


31,979 


Ronald L. Grudziecki 


24,970 


William C. Rowland 


30,888 


Harold R. Brown III 


36,341 


Frederick G. Michaud, Jr. 


26,003 


T. Gene Diilahunty 


25,423 


Allen R. Baum 


36,086 


Alan E. Kopecki 


25,813 


Patrick C. Keane 


32,858 


Steven M. duBois 


35,023 


Regis E. Slutter 


26,999 


B. Jefferson Boggs, Jr. 


32,344 


Brian P. O'Shaughnessy 


32,747 


Samuel C. Miller, III 


27,360 


William H. Benz 


25,952 


Kenneth B. Leffler 


36,075 


Robert G. Mukai 


28,531 


Peter K. Skiff 


31,917 


Fred W. Hathaway 


32,236 


George A. Hovanec, Jr. 


28,223 


Richard J. McGrath 


29,195 






James A. LaBarre 


28,632 


Matthew L. Schneider 


32,814 


inn urn ii ii 


1 


E. Joseph Gess 


28,510 


Michael G Savage 


32,596 


21839 





and: Joseph P. O'Malley, Reg. No. 36,226 



Address all correspondence to: 



21839 



Robert E. Krebs 

Burns, Doane, Swecker & Mathis, L.L.P. 
P.O. Box 1404 

Alexandria, Virginia 22313-1404 



Address all telephone calls to: Joseph P. O'Malley 



at (650)622-2300. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements were made with the knowledge that willful false state- 
ments and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the application or any patent issued thereon. 



FULL NAME OF SOLE OR FIRST INVENTOR 
DANIEL L PUGH 




DATE 


RESIDENCE 

1595 Rebel Way, San Jose, CA 95118 


CITIZENSHIP 

United States 


POST OFFICE ADDRESS 

1595 Rebel Way, San Jose, CA 95118 


FULL NAME OF SECOND JOINT INVENTOR, IF ANY 
MARK ROLLINS 


SIGNATURE 


DATE 


RESIDENCE 

23 Stonepath Crescent, Stittsville, Ontario, Canada 


CITIZENSHIP 
Canada 


POST OFFICE ADDRESS 

23 Stonepath Crescent, Stittsville, Ontario, Canada 
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